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DIURNAL VARIATIONS OF THE ACHILLES REFLEX TIME IN NORMAL
MAN

J.~-A. Macarez, with the technical assistance of
P. Sessiecq ahd M.-C., May, Research Center of the
Armed Forces Medical Servilce, Physiology Division,
Lyon, France

Introduction /207%

Due to 1ts simpliecity, measurement of the Achilles
tendon reflex time is currently a widespread complementary
test 1in France in clinical study of thyroild digeases and
metabolic disorders [2, 3, 4, 9, 18]. It also appears that
this method of testing neuromuscular funetlon can be used in
athletic medicine to evaluate physical fitness or supervised
training [6, 8, 11]. Now, to be of value this test must be
reliable; in other words, the spontaneous wvariation over
measured time intervals must be negligible in a subjeét whose

bphysical condltion does not wvary.

Various investigators [1, 5, 15, 19] have noted the
effects which physilcal actlvity, even moderate physical
activity, can have on the reflex time intervals, significantly
decreasing the contraction time SD. It now seems fairly
definite that one of the main causes of error in interpretation /208
of the traclngs lies in the fact that the patient is examined
without undergoing sufficlent rest beforehand.

Elsewhere, Zamrazil et al. [21], initests én patients
wlth thyrotoxicosis or hypothyroidlsm have observed a gradual
lengthening of the 3P interval (half-relaxation time) from
morning to evening, while no significaht diurnal variztions
were observed in subjects with normal thyroid function.

¥Numbers in the margins indicate pagination in the foreign text.



We felt it would be interesting to determine the nature
of the spontaneocus variation in Achilles tendon reflex time
intervals from one day to the next and from one period of the, day
to the next in a group of sedentary normal subjects (laboratory

personnel).

Methods and equilpment

For five consecutive days, we examined 18 subjects in
good health, nine men 21-39 years of age (average age: 26)
and nine women 21-45 years of age (4verage age: -31). Each
individual was tested three times a day without any physical
stress: between 8 o'clock and 9 o'clock in the morning, between
11:30 and 1:30 at midday, and between 5 o'clock and 6 o'clock
in the evening. This time distribution was chbsen because of
its convénience (beginning and end of work). It covered almost
half anychthemeron, from 7 o'clock awm. to 7 o'clock p.m.

The Achilles reflex:time was attained by the " S
Lawson . magnetic method [10],using the Hellige assembly
described in the thesis of Inquimbertf[?]. The reflex was
excited ten times in succession, once(every two seconds. The
temperature of the siteitested was hetween 20-°and 23°C. The
recording speed was 5 e¢m/sec. The ten responses obtained
made it possible to determine the reflex time intervals on a
sufflclent approximation. Each tracing, which represented the
speed of the movement rather the movement itself, was used to
measure the contraction time SD, the true half-relaxation time
DP and the half-relaxation time SP (sumcof the two preceding).

The results were subjected to variance analysis, using
a complete block factorial design, without replication, with
four sources of vablation making it possible to reveal simple
effects and Interactions with sex, individuals, the different



days and the three periods of the day. The risk o chosen
corresponded to a probability P = 0.05.

Results

The overall results of the variance analysis are given
in Table 1. Table 2 gives the averages obtained by  subject
and by - perlod of the day.

a) "Subject" effect

The subject effect was highly significant for the three
variables studied. Each reflex time interval varled greatly
from one subject to the next. We have computed the confidence
intervals of the averages obtalned for the two groups, men and
women (Fig. 1). .

TABLE 1. VARIANCE ANALYSIS: SIGNIFICANCE OF F PER VARIAEBLE
AND PER EFFECT STUDIED

S ' SD DP P
PoUEE . Variables
T '!j;;;;;;:“*\ Inter-| Inter-| Inter-
Iland inter;;EESHs- val (val val
' Ekex_ ...................... XXX XXX XXX
| Subject e XXX XXX XXX
i IEEY_. ............... L] ms NS NS
1] Perdiod . % XXX XXX
il Sex X subjeck..... XXX XXX xxx
Sex x day.. . ... NS NS NS
Sex X period.. ... NS NS NS
1] Subject x day...| . «x X XXX
| | -Subject x periad ns NS NS
i Eﬁy)x‘period. ...... NS NS NS
| ‘

N.B.: XXX: F significant for P = 0.001I1.
XX: F significant for P = 0.0l.
Xz ¥ significant for P = 0.05.

NS: F not significant for P £.0.05.



b} "Sex" effect

The "sex" effect was highly significant (Fig. 1): all
the time intervals were longer 1n women than in men. This
difference was an average of 5 msec for 8D, 21 msec for DP,
and as a result, 26 msec for SP. Inndddition, for each
variable there was a highly significant interaction between
the "sex" effect and the "subject" effect, although this

interaction was. of ,no special intersest.
¢c) "Day" effect

The "day" effect was not significant for any of the
variables. In the groups studied, therefore, there were no
significant fluctuations in the reflex time intervals between
days. The interaction between the "subject" andd"day" effects,
which was asignificant for the three wvarlables, emphasizes the
fact that the "subject" effect was not identical from one
day to the next.

d) "Periocd" effect

The "period" effect was significant for SD and highly
significant for DP and SP (Fig. 2): the three intervals
increased from morning to evening. This phenomenon, which was
discrete for SD (plus 2 msec on the average), was much more
marked for DP (an average of +12 msec¢) and consequently for
SP (average of +14 msec). The "period" effect did not interact
significantly with any other effect. It was found equally in
both sexes,iln most of the subjects and on almost ewery day.

Discussion

a) The "subject" effect does not call for any special"
observations. We.know that-with a given recording technique

‘ /210



TABLE 2. DIURNAL VARIATIONS IN REFLEX TIME INTERVALS.
AVERAGE, IN MILLISECONDS BY SUBJECT AND BY PERIOD.

|Bub-~ SD interval DP interval SP interval’
jects ¥ A - ,
: %orn--Mld-‘Even— Mormn- Mid- Even- Morn—. Mid-- Even-.

ing day  ing ing day ing | _ing day ing
1 25 194 1L 193 1 15 - 150 309 18 349
2 22 159 160 159 - 86 gs 248 237 254
3 41 ®y R ] 1490 140 137 137 3 129 3%
4 28 172 177 " 8s ‘w 4 63 258 245
5 28 201 204 e 174 18 185 285 376 405
€ 0 mn 207 h LT I ¥ 174 389 362 385
7 21 167 164 167 81 7 2 242 248 249
B ag 185 92 179 112 12 110 203 257 289
$ 45 .82 196 192 145 - 11 142 a7 37 k<]
10 25 178 175 176 72 73 76 248 48 252
1 s 178 182 17 %0 93 % . 215 268 273
12 -2 | 191 189 200 ot 92 [} 28 282 ) 304
13 2t 188 10 134 % 105 113 295 284 207
9 25 178 182 4 TR .M 86 276 256 263
15 2% 181 184 102 g2 w8t 288 273 273
16 39 175 T 88 02 1 279 264 e
17 25 " 182 178 181 1 165 162 243 37 343
18 - 187 165 165 146 133 140 289 83 305

A‘Subjects 1-9: women
Subjects 10-18: men.

the reflex time intervals are consideréd normal.when they:iarve
located within a fairly wide band.l With the Hellige assembly,
normal SD and SP intervals are considered to fall between 150
and 200 msec and between 240 and 300 msec, respectively {7].
The values obtained here conform to these standards in most
cases. Their dispersion among the individuals confirms this
fact: each subject (or each group of subjects) can be compared
only to himself (or itself) when several reflex time tests are
performed in dmmediate succession. Thus the results .obtainead
from different subjects (or different groups of subjects) cannot
be compared. These results may show significant differences
without the existence of any differences in the physical con-
ditdon of the individuals involved.
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b) The "sex" effect
has already been observed by
several investigators [13, 15,
20], who have found a lengthen-
ing of SP 1n women over that
observed in men. The results
reported here seemsto indicate
that this phenomenon also
affects SD and DP at the same
time. Sinceareflexitime
intervals are known to lengthen
with age [2, 13, 15, 201,
it may be objected that the
average age of our female
subjects was higher than that
of the male subjects, and
thus the effect attributed
to sex woudld actually depend
on the age difference. 1In
reality, the age difference
here seems to be too slight
to explaln such a significant

effect, and 1t does seem that

"the results obtained should

be attributed to sex rather
than age. Finally, our
experiments did not allow for
the hormonal condition of

the female subjéct. We know
that pregnancy has an
appreciable effect on reflex
time, provoking a lengthening
of interval [12]. On the
other hand, it may be assumed

that monthly c¢ycliec variations



in women and the takling of oral contraceptiwes have no appreciable
effect on the SD interval.

¢) The"day" effect was not significant in our observations.
The absence of appreciable day-to-day variations 1n the overall
resultsidoes not exclude the possibility of intra-individual
variations from one day to the next, but it does point toward
a comparison of tracings obtalined on different days from a
glven group of subJects. A comparison of this sort could be
valuable in the supervision of patients being treated for
thyroid disease,

d) The "period"“effect has already been studied by
Zamrazil et al. [21]. Our results did not agree with those
obtained by these investigators, who observed a '"perilcd" effect
in subjects with thyroid disease, while normal subjects showed
no significant diurnal variations in SP. This discrepancy
may be the result of different experimental conditions. Qur
research dealt with 18 healthy subjects tested over five
consecutive days of normal sedentary work, while the above
investigators examined only ten hospitalized patients with
normal endocrine balance, tested five times over a single time
lapse of 24 hours. &t is therefore possible that the schedule
followed by Zamrazil et al. was not »extensive'enough Tto reveal
a "pericd" effect 1n normal individuals. Thus there do . not
seem to be any theoretical contradictidons between our results
and those obtained by these investigators.

It is difficult to explain the lengthening of reflex
time Intervals during a day of sedentary work. Since we were
unable to use a constant tapping force, we were unable to
determine whether the amplitude of the reflex movement fluctuated
from morning to evening. Nevertheless we do know that the
lengthening of time intervals cannot be attributed to a change



in the amplitude of the meovement, since the temporal component
of the reflex (ﬁime'inberﬁ&l)‘is independent of 1ts spatial
component (number of motor units determining the amplitude of
the contraction) [24, 7].

i) Contraction time. Implied in SD and SP, this was
determined by the degree of synchronization of the motor units,

as well as by the contractile properties of the muscular fibers
of which they were composed. We do not know whether the motor
dlscharges df the tendon reflexrare less well synchronized in

the evening than in the morning. It seems improbable that
desynchronlzation would occur from morning to evening. Assuming
that fatigue would gradually increase during the day, this
fatigue could affect the voluntary or reflex motor activity by
further synchronizing the motor units engaged 1in a given

muscular contraction. This is the type of phenomenon which
provokes trembling due to fatigue [16]. Increased synchronization
in the reflex discharges would thus shorten SD. This may be

what happened with some subjects in whom SD decreased from
morning to evening. (Tabdé«2). In other individuals, the
lengthening of SD was probably relatéd to changes in the contrac-
tille properties of the muscle fibers which were infiluenced by

the ionic composition of the circulating blcod and by the levels
of certalin hormones in the blood, since -agents. i exerting

fhyréidd hormone::iactivity are believed to inhibit the ATPasic
activity of actomyosin and shorten the contraction time of the:
muscle. This would explain the shortening of the SD and‘SP in
hyperthyroid subjects [9]. The diurnal variations of SD and.

and SP in healthy subjects would thus depend on circadian /211
fluctuatlons in thyroid activity. However, the average diurnal
variation of SD, which 1s not very great, seems to be negligible
inithe clinical use of reflex time measurements: the error is
close to the error observed in measurement of this interval on

a tracing.



11) The true half-relaxation time DP, ori the other
hand, undergoes a mich sharpeér-léngthening from morning to
evening (Table 2). This phenomenon also affects the SP, the
interval widely used in clinical practice. We ourselves have
observed [11] a lengthening of DP in healthy, physically
untrained subjects having performed short-term muscular exercise :
on an ergometric biecycle. According to Petajan and Fagan [147],
1t would appear that the increase in the length of the relaxation
time 1s related to less satisfactory trophilcityyof the fatigued
musclew According to these investigatdéms, the cramps and myo-
tonia of fatigue aré manifestations of the same phenomenon.
A similar mechanism may be responsible for the dlurnal variations
of the DP: the gradual onset of some degree of fatigue 1in
sedentary individuals durlng the day wéuld thus produce a
lengthening of the relazxatlon time. 0On a ﬁrabtical level, the
diurnal variations of DP and SP could thus be:a-.cause of .error

clinical interpretation of the Achilles tendon reflex time.

In céncluslon, it does seem that diurnal variations of
the Achilles tendon reflex time can glve rise toc error in
‘the interpretation . of® successive tests 1f these tests are not
performed at a given hour of the day and after a preliminary
period of rest. Although the errcr in the contraction time
{SD) appeared negligible, this was not the case with the half-
relaxatien time (3P), which lengthened considerably from
morning to evening in most of the subjects. Given this un-
certainty, measurement of the 3D interval thus 'seems to be
more reliable than measurement of the 3P interval.
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